T reacher Collins syndrome describes a complicated assortment of craniofacial malformations resulting in problems affecting the form and function of the eyes, ears, nose, maxilla, palate, mandible, and airway. Although first described in 1889 by Berry, 1 Treacher Collins's 2 later description in 1900 ultimately resulted in his eponymous association with the syndrome. The scientific nomenclature most commonly used is mandibulofacial dysostosis, although this is not specific to Treacher Collins syndrome.
As a result of the complex assortment of deformities, it is deemed essential that each patient receives comprehensive multidisciplinary care for optimal outcomes. Because the incidence of Treacher Collins is only 1 in 50,000 live births, 3 much of the care of these patients is documented sporadically as clinical reports or descriptions of operative interventions by the various specialties involved. Therefore, the purpose of this review was to examine the management of patients with Treacher Collins syndrome during a 30-year period from a broad perspective to determine what successes and failures occur along the way. Finally, this article will describe how best to organize the multiple disciplines involved and present a protocol for future management and assessment of outcomes.
METHODS
Fifty patients were registered as patients at the Australian Craniofacial Unit in Adelaide from 1975 to 2005. All patients had a confirmed diagnosis of Treacher Collins syndrome by the craniofacial team and clinical genetics. Patients were not included in the study if the diagnosis was uncertain. In addition, patients who were seen but did not have adequate records were excluded. Patient records were examined for clinical features, interventions, and outcomes.
RESULTS
Overall, 50 patients were treated during the period reviewed. Three of these patients had incomplete records and were not included in the study. Of the 47 included in the study, 23 were males and 24 were females. Fourteen patients were treated from birth to maturity; the remainder of the patients were evaluated and treated either at a later stage of childhood or as adults. One patient died of septicemia at the age of 1 year. This patient was a severely affected individual and had undergone tracheostomy but had received no other surgical treatment. Another patient died in adolescence in a vehicle crash, making the syndrome-related childhood mortality 1 of 47. Eight families had Treacher Collins syndrome, making up 20 of the patients seen, whereas 27 were new mutations.
The physical features and problems found in this patient group are listed in Table 1 and are generally consistent with other reports. 3 The microform of Treacher Collins is often difficult to detect. In several of the families in our series, it was not evident that 1 of the parents was affected until a second affected child was born. Based on our experience, the subtle evidence of deformity in the microform state is most evident around the zygoma with very mild downslanting palpebral fissures and depressions in the zygomatic body (seen in the older patient in Fig. 1 ).
Airway Management
Previously, the airway management strategy used by this unit for retrognathism was published. 4 The focus is on managing the airway with positioning, nasopharyngeal airway, or positive pressure masks, using tracheostomy only as a last resort. No neonatal distraction or tongue-lip adhesions were performed. In this series, 4 patients required tracheostomy during infancy. One patient died at 1 year from septicemia related to a pulmonary infection and was the only patient to die in this series from a disease-related problem. Three were decannulated after mandibular distraction osteogenesis had been performed (Table 2) . Two other patients required emergency tracheostomies later in childhood. One was a result of food aspiration; and the other, an inability to intubate for elective surgery by a different hospital that did not routinely care for children with craniofacial deformities.
Airway problems can extend into childhood as well. Ten patients were found to have obstructive sleep apnea during their childhood years. Of these patients, 2 had no previous airway problems. Tonsillectomy and adenoidectomy was performed in 7 patients, and 4 patients required continuous positive airway pressure (CPAP) beyond age 10. Bimaxillary advancement performed during the teenage years resolved the problem for 2 of the 4 patients on CPAP, whereas the other 2 are still awaiting surgery.
Genetics
Only 4 of the patients treated at this unit had formal genetic testing because the diagnosis is usually clinically obvious and because of cost constraints. Of these 4, 2 were confirmed to have a mutation in the TCOF1 gene. In all, 57% of the patients were considered new mutations, whereas 43% were familial.
Ophthalmology
Patients with Treacher Collins syndrome experience a variety of periorbital and ophthalmological problems. In this series, downslanting palpebral fissures were noted in all 47 patients. Other deformities in decreasing incidence included absent medial lower lid eyelashes, lower lid lacrimal deformity, epiphora, lower lid coloboma, vision impairment requiring treatment, and ptosis. Although cataracts have been described in the literature, 5 none were found in this series.
Absence of the lower lacrimal puncta lead to documented epiphora in 20 patients. No patient with epiphora required treatment other than routine eye care.
Ophthalmological problems included astigmatism, hypermetropia, and squint. Overall, 16 of the patients treated required either corrective lenses or surgery to improve their vision. Three patients were noted to have amblyopia.
Ears/Hearing
Almost all of the patients in this series had a conductive hearing loss with only 1 patient having a mixed hearing loss. All patients were screened for hearing in infancy and then again during childhood when more formalized testing could be done. The hearing loss was categorized into normal (G20 dB), mild (20Y35 dB), moderate (35Y50 dB), and severe (950 dB) by audiometry that was usually performed at age 3 and again around age 8. Of the 46 patients who were tested for hearing, the distribution was as follows: normal (5 patients), mild (5 patients), moderate (6 patients), and severe (30 patients). All patients with hearing loss were given boneconduction hearing aids.
Nine patients required tympanostomy tubes including 1 of the 11 patients with a palatal cleft. The remainder of the patients with cleft palate did not require tubes. One patient had a middle ear reconstruction with a ceramic ossicular chain. She was reported as having 15-dB gain but continued to require hearing aids.
External ear appearance was classified using the same auricular deformity classification previously published for hemifacial microsomia. 6 Under this system, a normal ear is labeled A0, a small ear with malformation retaining the characteristic features is labeled A1, an ear with a rudimentary helix is labeled A2, and an absent pinna with a malformed lobule is labeled A3. Auricular deformity was present in 87% of the patients. The degree of hearing impairment was noted to correlate with external ear deformity as noted in Figure 2 .
Speech
Speech abnormalities affected 34 of 46 patients evaluated. Typical speech problems included abnormal resonance dominated by hyponasality attributed to the size restriction in the nasal passages and oropharynx as well as hearing loss. Hypernasality was also noted in association with those children who had a cleft palate and velopharyngeal insufficiency. Articulation errors were found in 17 of 46 patients and were attributed to the malocclusion with anterior open bite and retroglossa.
Treatment consisted of review by an audiologist and an otolaryngologist within the first year to evaluate and correct hearing loss where possible. After this, speech and language therapy was initiated as soon as possible. Particular attention was given to maladaptive patterns related to the abnormal oral anatomy. When these patterns developed, the children were given exercises to correct these patterns and ultimately prepare them for orthodontic and orthognathic correction. All patients were able to achieve excellent speech results except one who was from an underdeveloped nation and had a severe hearing loss and was not treated until adulthood. The incidence of cleft palate was 11 of 46 patients in this series. Patients who had a cleft palate were be unable to have a palatal repair at the typical time (G12 mo) because of the complicated airway management. The average age at palate repair in this group was 2.1 years with only 1 patient having a cleft palate repair before 1 year of age.
Early attention to feeding is also an important issue. Twentytwo of the patients in this series were noted to have some degree of feeding difficulty, which was attributed to respiratory problems. Nine patients required either nasogastric or gastrostomy feeding during the first year of life of whom 8 had cleft palates. In patients with the most severe conditions, there were also some problems with oral aversion or hypersensitivity.
Psychosocial
On psychologic testing, 2 of 46 patients evaluated were noted to have a nonverbal intellectual disability. Most of the patients who had severe hearing loss also had trouble on the verbal examination, but this was not considered a true intellectual disability but rather a function of the hearing loss. It was part of the protocol to have each child evaluated by the psychologist before starting school and then at least once again several years into school. Formal testing usually consisted of the Wechsler Intelligence Scale for Children or the Griffith Mental Development Scale.
Of the 14 patients who were treated in this unit from birth to maturity, 12 had successful social outcomes. They completed education to year 12 and either have pursued further education/technical training or have begun employment. Of the 2 who did not achieve these goals, one had multiple medical problems and intellectual disabilities, whereas the other has had ongoing social/legal problems. Only 1 patient of the 14 described teasing as a significant problem during childhood that was difficult to overcome.
Facial Reconstruction
In all, 33 of 46 patients underwent orbitozygomatic reconstruction. Before 1986, the primary method of reconstruction was on-lay bone grafts to the deficient zygomatic area. Seven patients were treated during this period, 2 of whom also had orbital osteotomies to advance the zygoma. One patient during this period received a vascularized bone flap based on the temporalis muscle. Between 1986 and 2000, 15 patients received the vascularized bone flap procedure and only 5 underwent on-lay bone grafting alone, all of whom were adults at the time of their primary reconstruction. Finally, in patients treated after 2000, 5 were treated with on-lay bone grafting and only 1 patient received a vascularized bone graft. Ten patients were followed from birth to maturity in this unit, and their results are summarized in Table 3 . In two-thirds of these patients, a recurrent deformity was noted as seen in Figure 3 . This required additional bone grafting and occurred whether the initial procedure was a vascularized bone flap or bone graft. Treatment for the eyelid deformity consisted of musculocutaneous transposition flaps from the upper eyelid to the lower lid in 28 patients. A lateral canthopexy was also performed to create a normal palpebral slant. This was done at the same time as the initial orbitozygomatic bone grafting procedure.
Surgical reconstruction of deformed ears depended on the severity. Of the 20 patients with either A0 or A1 ears, 5 underwent an otoplasty procedure to correct the overhanging helix and reduce ear prominence. Three of the 26 patients who had type A2 or A3 ears underwent a staged reconstruction using rib cartilage at age 6, and 1 patient had an osseointegrated prosthetic ear reconstruction, which was performed in adulthood. The remainder of patients either chose no reconstruction or are awaiting reconstruction.
Orthodontic treatment and orthognathic surgery was performed once dental development was complete. Nine patients were treated with orthodontics and did not require orthognathic surgery. Ten others underwent orthognathic surgery. Two of these patients were also treated to relieve upper airway obstruction. Before surgery, all patients had an anterior open bite, which was corrected with either a posterior impaction or an anterior opening Le Fort I. This was usually combined with mandibular surgery to correct the horizontal malocclusion (Table 4) . After surgery, all patients had correction of the open bite. The 2 patients with sleep apnea no longer required CPAP after surgery.
Seventeen patients had a sliding osseus genioplasty, and 11 had a rhinoplasty. The rhinoplasty consisted of reducing the dorsal hump and adding tip projection with cartilage grafts when needed. In 6 of the patients who underwent rhinoplasty, a rib graft was used to reconstruct the nasal dorsum.
DISCUSSION
During the last 30 years, the Australian Craniofacial Unit has sought to organize and provide multidisciplinary care to patients with craniofacial deformities. Because patients with Treacher Collins syndrome have a myriad of complex problems that are all interrelated, these patients are best treated through a centralized unit where all of the various disciplines can coordinate their activities based on the overall picture of a birth to maturity protocol. This review demonstrates the complexity of care that patients with Treacher Collins syndrome need and has led to the development of a protocol to help guide care in the future (Fig. 4) .
The protocol for management used at the Australian Craniofacial Unit can be summarized in 3 epochs. During the first epoch from birth to age 2, the focus is on vital issues such as airway management and nutrition. Feeding difficulty and failure to gain weight are often the primary symptoms of airway compromise. 7Y9 A variety of interventions can be implemented including prone or side positioning, nasopharyngeal airway, and nasoenteric feeding. Results here indicate that most airway problems can be managed with positioning or with a nasal airway. Once a tracheostomy has been placed, however, it was difficult to remove and required childhood distraction in all cases. Neonatal distraction was not used here but could be considered in severe cases to avoid tracheostomy. In this series, 10 patients had breathing difficulties into childhood including 2 who had no problems in infancy. This illustrates the need for continued observation throughout development. Finally, the Hearing loss is another important issue that is addressed during the first epoch. Because 17% of patients with normalappearing external ears still had at least a mild hearing impairment, external ear appearance should not influence audiometry screening. In fact, the more normal appearing the external ear, the more likely the child will benefit from an intervention such as tympanostomy tube placement. Middle ear reconstruction can be considered for patients with Treacher Collins syndrome if deemed feasible when the child is older. However, the goal of ossicular reconstruction should be to achieve hearing without the need for aids, which was not accomplished in 1 patient who had this done in this series. Any otologic surgery planned should be performed by a surgeon familiar to the abnormal anatomy of the facial nerve in Treacher Collins syndrome. 10 Genetic counseling is offered to patients and families during the first epoch. Genetic testing is possible and has identified mutations from 48% to 93% of patients thought to have Treacher Collins depending on the how extensive the genetic screening and the clinical accuracy of the patient population tested. 11Y14 In this study, 2 of 4 patients tested positive for the TCOF1 gene. Because this mutation is not present in similar conditions such as Goldenhar, Miller, or Nagar syndrome, the role of testing may be best suited to patients who have an equivocal clinical diagnosis. 13, 15, 16 Based on the cost of testing, and the relative ease of clinical diagnosis, genetic testing is not a routine part of the Treacher Collins protocol.
The second epoch, from ages 2 to 12 years, focuses on speech, social development, and the primary surgical reconstruction of the upper face. Facial reconstruction procedures for Treacher Collins syndrome have been described in detail before. 9,17Y20 In this series, a combination of autologous bone grafting and vascularized bone flaps was used. Neither technique produced lasting results, leading to repeated bone grafts in two-thirds of the patients. Most patients treated after 2000 underwent reconstruction using autologous bone grafts, and the protocol reflects the need for repeated grafting later in life. The lower eyelid deformity was also treated at this time using a musculocutaneous transposition flap from the upper eyelid to the lower combined with a lateral canthopexy. Although generally achieving the desired effect of protecting the cornea from exposure, the cosmetic results remain one of the most difficult aspects of managing Treacher Collins.
Previously, it has been shown that the teasing craniofacial patients receive is not necessarily specific to their deformity or its severity. 21 Nevertheless, when faced with criticism or teasing, most children have coped remarkably well. 22 Therefore, the timing of surgical intervention in this protocol is not driven by teasing. Teasing can usually be managed through education of the parents, teachers, and peers of the patients rather than deviation from the treatment plan. This helps them to understand what is happening at each point in development and eliminates unnecessary surgical interventions.
Speech and language development must be watched closely during this period. Generally, resonance and articulation problems improved with therapy, structural growth, and orthodontic correction. However, it is important to monitor articulatory proficiency from an early age to detect maladaptive compensatory patterns and intervene where appropriate.
In the third epoch, from age 12 to 18, the facial reconstruction is finished. During this time, orthognathic surgery, rhinoplasty, and genioplasty operations were performed. Ideally, these operations should be combined when possible, although when a Le Fort I osteotomy was performed, the rhinoplasty was performed separately. Because repeat zygomatic bone grafting is often required, it should be performed in conjunction with other procedures. In this experience, all of the patients undergoing orthognathic surgery required correction of an anterior open bite along with variable amounts of horizontal malocclusion. The anterior open bite was corrected in all cases, and no patients required repeat surgery for this problem.
Formulating outcome goals for patients with such a wide variety of problems can be difficult. Nonetheless, it is critical to the overall management strategy to have a vision of what can and should be achieved throughout growth and development. Clearly, within each subspecialty, the outcomes will be dependent on the severity of the deformity. The goal of therapy, however, is the same. Each patient should have an opportunity to overcome as much of the deformity as possible. In the future we plan to generate a survey of the protocols and outcome goals of other units around the globe as we move forward in the benchmarking process through the International Society of Craniofacial Surgery.
